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  The aim of this work is study the effects of a grassland fire in vegetation recuperation according to fire severity, slope 
exposition and position. We designed two experimental plots, one located in an east faced slope (Slope A) and other in 
a west faced (Slope B). Vegetation recuperation was assessed 10, 17, 31 and 46 days after the fire. The results showed 
that fire severity was higher in slope B, than in slope A. In both slopes vegetation recuperation was different according 
position. Bottom positions  recovered faster than slope and upslope positions, that it is attributed  to fire severity 
(higher  in  slope  and  upslope  areas)  and  ash  and  soil  transport  and  deposition  in  bottom  areas.  The  vegetation 
recuperated faster in slope B and 46 days after the fire, 100% of the plot was covered. This was attributed to higher 
severity, more complex topography, and inclination of Slope A, that delayed the vegetation recover.    
     
 
   
1 INTRODUCTION 
The main impact of fire is the vegetation removal. From 
the  ecological  point  of  view,  fire  acts  as  an  herbivore, 
competing with other biotic consumers (Bond and Keeley, 
2005).  In  severe  wildfires  the  degree  of  vegetation 
recuperation capacity is lower (Díaz-Delgado et al., 2003; 
Jin  et  al.,  2012),  especially  due  the  large  amount  of 
nutrients  exported  by  volatilization,  wind  and  water 
erosion, and the higher impact on soil properties. 
The impact also depends on the ecosystem affected and 
has  implications  on  seed  bank,  below  ground  plant 
reporting organs (Borchert and Odion, 1995) and type of 
ash produced, that can delay the nutrients release (Pereira 
et  al.,  2012).  Other  variables  as  topography,  aspect, 
meteorological behaviour after the fire and fire regime are 
also important and determine the capacity of vegetation 
recuperation  (Pavlovic  et  al.,  2012).  Depending  on  the 
season and burned ecosystem, plants respond differently. 
The capacity of vegetation recuperation and soil cover is of 
major  importance  to  reduce  erosion  after  the  fire, 
especially  in  slope  areas,  as  observed  elsewhere  (Cerdà, 
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Figure 1. . Vegetation cover (%) for Slope A and summary 
of  ANOVA  repeated  measures  and  Tukey’s  HSD  test 
between  measurement  periods  (in  capital  letters)  and 
within  slope  positions  (in  small  letters)  in  slope  A. 
Different  letters  mean  significant  differences  at  a 
*p<0.05. Hanging bars represent ± 95% of confidence. 
 
 
Figure  2.  Vegetation  cover  (%)  for  Slope  B  Summary  of 
Friedman ANOVA by Ranks test between measurement 
periods (in capital letters), Kruskal-Wallis ANOVA (K-W) 
and  within  slope  positions  (in  small  letters)  (in  small 
letters)  in  slope  B.  Post  hoc  differences  were  observed 
with Tukey’s HSD test. Different letters mean significant 
differences at a *p<0.05. Hanging bars represent ± 95% of 
confidence. 
 
However, the majority of the studies were carried out in 
Mediterranean environments (Shakesby, 2011), where the 
vegetation  recuperation  is  only  significant  months  after 
the  fire  (Cerdà,  1998)  and  little  is  known  about  the 
vegetation  recuperation  capacity  in  other  environments. 
Since  fire  is  considered  as  global  phenomena  and  has 
ecological  consequences  in  many  earth  environments 
(Bond  and  Keeley,  2005),  it  is  of  major  importance  to 
conduct studies in areas outside of traditional fire prone 
areas as the Mediterranean. 
This work pretends study the effects of a spring grassland 
fire  on  vegetation  recuperation,  according  the  time  and 
slope position in the post-fire immediate period. 
2 METHODOLOGY 
2.1 STUDY AREA AND SAMPLING PROCEDURES 
The studied fire occurred in April 15 of 2011 – affected an 
area of 20-25 hectares – in Vilnius region (near Vilnius city, 
Lithuania)  at  54
o  42’  N,  25
o  08’  E,  158  masl,  where 
grassland fires are common, provoked by farmers to clean 
fields  for  spring  and  summer  season  plantations.  The 
vegetation was mainly composed by Taraxacum officinale 
and Anthoxanthum odoratum and fine-textured soils are 
dominant.  The  study  was  conducted  on  two  different 
aspect slopes, one east faced concave slope (15%; slope A) 
and other west faced rectilinear-concave slope (20%; slope 
B). We made four parallel transects of 1 m distance and 20 
m of length. Here the % of vegetation cover was measured 
with a resolution of 0.5 m, with small plots of 0.25 x 0.25 
m
2 (Úbeda et al., 2009) 10, 17, 31 and 46 days after the 
fire.  Vegetation  cover  was  assessed  visually.  Overall,  in 
each sampling campaign we collected in each slope, 164 
measurement points samples in a total of 1312. Since both 
slopes  were  not  uniform,  we  divided  it  according  the 
topographical position. In slope A, flat top (FT), slope (SL) 
and flat bottom (FB), and in slope B flat top (FT), slope (SL); 
and  in  slope  B,  FT,  SL,  Flat  Middle  Slope  (FMS),  Slope 
Bottom Slope (SBS) and Flat Bottom Slope (FBS) in order to 
identify  potential  effects  of  slope  position  in  vegetation 
recuperation.  Ash  colour  was  also  observed  to  estimate 
fire severity (Pereira et al., 2012). 
2.2 STATISTICAL ANALYSIS 
Previously  to  data  treatment,  normal  distribution  was 
assessed with the Kolmogorov-Smirnov test (K-S). In the 
present study, data only respected normality assumptions 
after a neperian logarithmic transformation (Ln) in Slope A. 
In this plot, the results of 46 days after the fire were not 
shown  because  soil  was  100%  covered  in  all  sampling 
points. To compare % of vegetation cover with the time 
and according the different sampling periods, we applied FLAMMA | Vol. 4 | 1 | 13-17 
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Figure  3.  Comparison  of  vegetation  cover  (%)  between 
slopes and summary of Friedman ANOVA by Ranks test, 
between  measurement  periods  (in  capital  letters),  and 
Kruskal-Wallis  ANOVA  (K-W)  within  slope  positions, 
between  slope  A  and  B.  Post-hoc  differences  were 
observed with Tukey HSD test. 
 
an ANOVA repeated measures test. In relation to the Slope 
B,  data  did  not  respect  the  Gaussian  distribution,  even 
after  several  transformations,  including  Ln,  box-cox  and 
square  root.  Thus,  we  observed  the  difference  among 
different slope positions with the non-parametric Kruskal-
Wallis ANOVA and between time with the non-parametric 
Friedman  ANOVA  by  Ranks.  Differences  between 
vegetation  cover  throughout  the  time,  considering  all 
samples  in  both  slopes,  were  identified  also  with  the 
Friedman ANOVA by Ranks and difference between slopes 
in each sampling period, were observed with the Mann-
Whitney U test.  Significant differences were observed at 
p<0.05. If significant differences were observed a post-hoc 
Tukey HSD test was applied. In this work, graphics were 
presented with original data, but statistical comparisons, in 
Slope A, were carried out with Ln data. Pearson correlation 
coefficient was calculated between distance to the slope 
top  and  the  %  of  vegetation  cover,  and  between  the 
coefficient of variation (CV%) and the time. All differences 
were considered significant at a p<0.05. Statistical analyses 
were performed with Statistica 7.0.   
3 RESULTS AND CONCLUSIONS 
The results shown that the majority of the ash collected 
was black (B) and in less quantity white (W) and this means 
that, overall, the fire had a low-mean severity. Between 
slopes, it was identified a higher percentage of brownish 
(BRO) litter and B in slope A than in slope B, occurring the 
inverse in light grey (LG) and W ash. No differences were 
observed in dark grey (DG). BRO material corresponds to 
not  combusted  litter,  influenced  indirectly  by  the 
temperatures  and  that  are  not  considered  as  ash  (not 
shown; Úbeda et al., 2009). This suggests that fire severity 
was higher in Slope B. Previous to fire fuel could be drier in 
slope  B  due  the  stronger  incidence  of  solar  radiation 
during the afternoon. Previous studies (Alexander  et al., 
2006; Lee et al., 2008) already identified that fire was more 
severe in west faced slopes that in east aspect slopes. In 
addition the high inclination of slope B may increase the 
fire severity as observed elsewhere. Fire spread increases 
with steepness, as fireline intensity and fuel consumption 
(Knapp and Keeley, 2006). 
Ten days after the fire the vegetation covered already the 
soil in both slopes suggesting that the ecosystem respond 
very fast to fire perturbation that can be attributed to fire 
regime (flowering season). The results showed that in both 
slopes, vegetation recovered rapidly (Figures 1 and 2) and 
46 days after the fire the slope A was totally covered by 
vegetation  (not  shown),  and  great  part  also  in  the  the 
slope B (Figure 2). However in each slope, differences were 
observed according to slope position. In slope A (Figure 1) 
vegetation recuperation was higher in FB, than in the other 
positions,  and  these  differences  increase  with  time.  The 
coefficient  of  correlation  between  slope  distance  to  the 
slope  top  and  vegetation  recuperation  was  of  0.45,  10 
days, 0.71, 17 days and 0.72, 31 days, all significant at a 
p<0.001. In relation to slope B, the vegetation recovered 
faster  in  the  downslope  positions  (SBS  and  FSB). 
Differences  were  also  significant  between  all  sampling 
periods (Figure 1). The coefficient of correlation between 
distance to the slope top and vegetation recuperation was, 
0.75, 10 days, 0.78, 17 and 31 days and 0.47, 46 days, as in 
the slope B, significant at a p<0.001. 
Between  slopes,  significant  differences  were  observed 
among areas and sampling periods, especially 31 and 46 
days  after  the  fire  (Figure  3).  The  results  suggest  that 
vegetation  restoration  corresponds  to  a  spatial  and 
temporal  pattern  that  can  be  attributed  to  the  low  fire 
severity  in  downslope  positions  (not  shown),  to  the 
transport of ash to slope lower positions that increase the 
amount  of  nutrients  in  these  areas,  and  the  rainfall 
pattern. The major precipitation occurred between 17 and 
31 days, increasing the  vegetation recuperation capacity 
(Pereira et al., 2012b) Also the high capacity of vegetation 
recuperation in Slope A can be attributed to the lower fire 
severity and the slope angle inclination, which reduces the FLAMMA | Vol. 4 | 1 | 13-17 
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Figure 4. Scaterploots between days after the fire and CV(%) in each slope position a) slope A and b) slope b. 
 
 
   
amount of ash and nutrient transport. 
Between  10  and  31  days  after  the  fire,  there  was  an 
increase  of  the  coefficient  of  correlation  in  both  areas 
between  distance  to  slope  top  and  vegetation 
recuperation and this confirms the increase of differences 
between  top  and  bottom  areas  and  supports  the 
hypothesis of different recuperation patterns, especially in 
slope  B.  In  both  slopes  it  was  observed  a  reduction  of 
CV(%)  through  the  time,  however  at  different  rhythms 
according the slope position (Figure 4a and b). In slope B 
the  CV(%)  reached  higher  levels  especially  in  slope  top 
positions. Also, among slope positions the differences are 
higher in slope B than in slope A. These results suggest that 
the  spatial  variability  of  vegetation  recuperation  was 
heterogeneous  in  both  study  areas  and  can  be  due 
different  fire  severities,  slope  topography  and 
microtopography,  that  influence  the  ash  transport  and 
redistribution.  In  the  present  case,  complex  slope 
topography can induce a higher fire severity and a delayed 
vegetation  recuperation.  However,  further  studies  are 
needed to confirm this hypothesis more strongly. 
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